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The present invention relates to coded nodul ati on schenes f bt % or data

si gnal s iWwowshelsepS communi cation systens. In particul ar Hj/ég 0@ (entl on
relates to a coded modul ation scheme for a wirel ess comfl Py “system

havi ng channels adversely affected by fadi ng and net hods thereof. 10
Background of the Invention In recent years, to realize wireless Internet
comuni cations, nuch effort has been devoted to developing reliable
W rel ess comuni cation systenms. Data transm ssion in such systens is

adversel y af f ecie@DEDERIODUTAYFON SCHPEMERORA WIRELESS fading. In

mul tipath fading, a desired signal travels to a receiver along 15 nultiple

propagati on p@OMMENICATION S YSTENABRMETHODS PHRREES .

Consequent |y, conponents of the desired signal fromthe nmultiple
propagati on paths weaken or reinforce each other to cause signal |evel
fluctuations at the receiver. Known techniques to resolve or alleviate
mul ti path fading include diver sFied omeﬂnwéiwi ng based upon r epeat

transm ssions ip,tine ndfrequ | & ¢ netrically
space-apart ant eAfRRE Se 8’3?5&%}[0 S%EPG‘B&??% 158§fé8?’|¥ﬁ§“?“ﬁaeC) codi ng
can be use t4 S68s.0h pakilcBlR Sihis ifRIAbRAtLASI 108 SYSt ens.

However, géh%gh?ﬁ%@%égs %dglf%ngl?rreﬁna%? th g expense of lsan i ncr eased bandw dt h.

To achi eve coded thediddtion soheme@r@odmigps whmhowicatipe systen bagegiclpenddandwi dt h,
recently deyel oped d dul at.ion t n es can be applied instead.
Coded m)dulag‘fei 5 ‘@ecg ‘f‘é‘éﬁﬁ%&é‘dﬁe@% degtf’ﬁg?(%gs codi ng and nodul ati on
schenes wi thout conprom sing on bandw dth efficiency. Application exanples

of coded nodul ation range from voi ce-band_nodens for tel ephone lines to
space 1% FEB 2006 WD 03/ 0173keropndasthe bnggtion

In recent years, to realize wireless Internet communications, much effort has
been devoted to developing reliable wireless communication systems. Data
transmission in such systems is adversely affected by environmental factors such as
multipath fading. In multipath fading, a desired signal travels to a receiver along

15 multiple propagation paths due to reflections and scattering by obstacles.
- Consequently, components of the desired signal from the multiple propagation paths

- weaken or reinforce each other to cause signal level fluctuations at the receiver.

Known techniques to resolve or alleviate multipath fading include diversity
20 | processing based upon repeat transmissions in time and frequency or multiple
reception by geometrically space-apart antennae. Alternatively, forward error
correcting (FEC) coding can be used to improve the performance of wireless
communication systems. However, FEC coding is performed at the expense of an
~ increased bandwidth. To achieve the benefit of FEC coding without the increased

25  bandwidth, recently developed coded modulation techniques can be applied instead.

Coded modulation is a technique that combines coding and modulation
schemes without comproniising on bandwidth efficiency. Application examples of

coded modulation range from voice-band modems for telephone lines to space



2 communi cation systens. In sonme mature applications, coded nodul ati on has
been adopted as national or international standards for comrunication
protocols. In terns of code structure, coded nodul ation canjlFEpghmssified
into two 5 schenes: bl ock-coded nodul ation (BCM and trellis-coded

modul at i KO PR 1 n a BCM schene, bl ock codes are conbi PEOS@i10ni6a chosen
nodul ation signal constellation, whereas in TCM convolutional or trellis
codes are conbined with a chosen nodulati on signal constellation. One
advant age of coded nodul ation over traditional error control coding is

t hat code redunda%i: IS {%réo i ded by si gngl set 10Q expansi.on, Such code
r edundancy “AFE%E YPgS- Isosmemaiuranpligiiony codefl madplgtamers bsehdwi dt h.

The coded B9t BERS: ' : i.fferent

synbol s, eac reprneslent ed{%yngfﬁ@}a&%@@%%ﬁgﬁ@uﬁﬁﬁﬁﬁé@g@ghd phase of the
carrier. Thus loge (n) information bits can be transmtted per synbol
period. 15 Vari henmes have_ been proposed for channels affected by

-

mul ti path fadi n]g‘fjtg \Fgﬁ? srpuies godsd ajion e#rebe elassified jafp W9annel s as an
| t i 0ol : . i |l t .

Typtcarly, ot PN EIRET moadhe B mPRRTNER ARG hffulalof (Hon HEES O ©

syst ens usBCM pahameMdoclcardes by casifiehwiieh bidsn ipduiafidnigagk codes with
good error egehorman e. Z%f«g unber of trellis codes have been devised in

exi sting T Réfedhorea iyl woerplerpstodreligrdensecentiiigeriveck, G,
Trellis- Cogaeh Moglbdid Q%Wc&ﬂst&l?@gﬂpéﬁ@%%v?}@g%%f. %ﬁ%ﬁﬁf&%ﬁ%ﬁ ol oduct Ton,

| EEE Conmmuni cati ons Magazi ne, ruary one of these
trellis cotteditiorelertraentrabioptisgisthaiebye iedutidaacy?fs provideh by pigaal sttel ephone

nmodem jhdustry.. ver, a,di sadvantage of such existing TCM schenes is
the co Ie??fﬂaém?r?lj%\g@%f&%ﬁerfﬁd‘r‘@&ﬂ’ ?‘ﬁ‘a’l?q?%‘laﬁ lgssop dassnecd fpx ‘ﬁb’inﬁ’ﬁ?%ﬁ decodi ng
del ays andbifRINEdN. THRWUECHRALRtBE st bras]

unsui tabl e for high speed or |01W gost agp ?%%]ﬁ%ﬁggﬁﬁﬁg% g?res there is

a nodest f Fedls eschyeprabrntesbly differadi/sisteh efmsgritvede @and phasedditimycaniersever al

times that.pf ;3 n_encoder,.s nenory. Besides c ut atjonal conplexity due
to the nun:gg‘%s lgfg%n?i'?fﬁﬁﬁﬁuﬂl%‘g%?a&trﬁgéﬁé‘?mgtefli’%rlqu’é’ 88fEr requires survivor
path nenories that may be 17 FEB 2006

15 ~ Various TCM schemes have been proposed for channels affected by
multipath fading. However, the use of BCM schemes over such channels as an
alternative to TCM schemes has not been much reported in the literéture. Typically,
the BCM schemes applied in existing wireless communication systems use expensive
computer search methods to find block codes with good error performance. ‘

20

A number of trellis codes have been devised in existing TCM schemes
starting with those of Ungerboeck (Ungerboeck, G., “Trellis-Coded Modulation with
Redundant Signal Sets-Part 1:Introduction,” IEEE Communications Magazine,

. Fébruary 1987, pp.5-11.) Some of these trellis codes have been adopted widely in the

25 high-speed telephone modem industry. However, a disadvantage of such existing
TCM schemes is the complexity in decoding resulting trellis codes. Furthermore,
decoding delays and memory requirements of these existing TCM schemes are
unsuitable for high speed or low cost applications. In BCM schemes there is a
modest ﬁxeci delay, whereas in TCM schemes there is a delay of several times that of

30  anencoder’s memory. Besides computational complexity due to the number of

_ arithmetic operations, a trellis decoder requires survivor path memories that may be



WO 03/ 017500 PCT/ SG01/00165 3 very long with constraint length. In a BCM

scherme, nenory requirenents are limted to the block |ength. Recently,
Bal di ni and Farrell also proposed a BCM schene that is basgdfeh2006 rings of
integers nodulo-q (F.R Baldini and P.G Farrell, "Miltilevel block

subcodeswmes/aesbed phase nodul ation,"™ Electronic Letters,pcY®co1/866s No. 12,
June 1994.) However, the input and output of their nmultilevel encoder are
over the sanme ring and such a ring c only be of the order of 2"'. Such a
mul tilevel encoder is therefore |imt®td and does not have the flexibility
beyond the order of 2'. 10 Furthernore, hard decision decoding typically
appl i ed i iyesUions avibowmsistintiengthvieras Civisshpme froemenycequizemeatsate wi t h sof t
deci si on dec.odi n C in the nultilevel encoder proposed by Bal din

and Farreﬁjﬁﬁggagh%€§§¥ﬁﬁ§¢%on is only perforned over a finite field and
not with soft decision decoding. 15 Therefore, a need clearly exists for

wi rel ess communi cation systens to have inproved data encoding and decoding
schenes to overkkesaetlnBaidini and Sarrgll labsoipaorosed b BEM schiendithay isbased e, f or

exanpl g, - [ fading.. Bri r he .] nvent.i on, 20, The present

i nvent ;gon sE éeE ﬁgg}q%g_egf%‘&g‘&% qa@%-r‘%@ﬁmmm J Kﬁ’?tél%qlg K2 met hod for
encodi ng aubéodds YoricdBer piils@fadtuiaion, 2 FiRikagt fatr-doepdbndo.a2cnéed baseband
signal within the wireless comuni cation system “Accordingly, in one

aspect, t H89%) ddewevar ihe inpubsndprumit 9 their mirktibdvebencods avoonentiesamicon syst em
sl ng: . i | | b bi t.s, I nt L it f
cynbol o " ingnRRREE sh BRI LOYE e o Vo s BB efidis 1 one” or

nmore of t hiereforeilimiited yndioddinbshavente fl&dbidly Bsyead te oré@Wghed to the mapper,
for encoding the plurality of synbols to a corresgondi ng plurality of

i ntegdPs FVEOEEE: kard degisien deosrinedypiesishapplied susuel aBERV Zckrane boers3/ 017500
PCT/ SGOL/ qgé-ﬁéformance compared with soft decision decoding. Hence, in the multilevel

encoder proposed by Baldini and Farrell, code construction is only performed over a

finite field and not with soft decision decoding.

15 . Therefore, a need clearly exists for wireless communication systems to have
improved data encoding and decoding schemes to overcome or at least alleviate

channel fading such as, for example, Rayleigh fading.

Brief Summary of the Invention
20 .. Thepresent invention seeks to provide a wireless communication system, a
method for encoding a binary input signal and a method for decoding a coded

baseband signal within the wireless communication system.

Accordingly, in one aspect, the present invention provides a wireless
25  communication system comprising: ,
amapper for mapping a plurality of bits into a plurality of symbols,
each of the plurality of symbols being associated with one or more of the
plurality of bits;
and
30 . anencoder, coupled to the mapper, for encoding the plurality of symbols to a

corresponding plurality of integers modulo M to derive a plurality of coded




4 synbols at the encoder output, the Mbeing an arbitrary predeterm ned
integer. In another aspect, the present invention provides, in a wreless 5
conmmuni cation system a method for encodi ng a binary input 191FgRahes t he

met hod conprising the steps of. receiving a plurality of bits of the

bi nary i npotws3msimgeal ; mapping the plurality of bits into anjrl%t?lkdoﬁéé of
synbol s, each of the plurality of synbols being associated w th one or
nmore of the plurality of 10 bits; and  encoding the plurality of synbols
to a corresponding plurality of integer45 nodulo Mto derive a plurality of
codewords, the Mbeing an arbitrary predetermned integer. 15 . In yet
anot her .aspect., Symbolppithe aacodeneutpitpthevidbeinges agbiwhnyairedesermimdmuni cat i on
system conpri si @[g(é a decoder for decodi ng an output phasor stream of a
coded baseband |%er‘i'al to derive an estimate of a codeword, the out put
phasor stream having a 20 plurality of synbols encoded therein and
corresponding to the codeword, each of the plurality of synmbols being
associ at ed- wi t hln#rothsr asnset thefprasenpinvestion provileyiid s wireleds a demapper for
demappi g ipate of the codeword o derive the, 25 plurality of bits
from de%odé%&%%@sylsﬁmaaﬂﬁiﬁ‘?fg I SReR0ARE 2 binary pd signal, thegnetheth provi des,
in a wirel essprisiogiRentepabf:on system a nmethod for decoding a coded baseband
signal, the nethod conprising the steps of: 30 decodi ng an output phasor
stream of the coded wgsEbgrachlsiagitiasf tits of dier binerydmne sighatat e of a codewor d,

the output phasor st 51‘381%2 % pqgraﬁtyp Aflgitaslillltto% p]tha ’t%%f%}grglgols, each of the
plurality of symbols being associated with one or more of the plurality of
10 . bits;

and
encoding the plurality of symbols to a corresponding plurality of
integers modulo M to derive a plurality of codewords, the M being an
arbitrary predetermined integer.
15
.In yet another aspect, the present invention provides a wireless
communication system comprising:
a decoder for decoding an output phasor stream of a coded baseband
 signal to derive an estimate of a codeword, the output phasor stream having a
20 : plurality of symbols encoded therein and corresponding to the codeword,
- each of the plurality of symbols being associated with one or more of a
plurality of bits;
and

a demapper for demapping the estimate of the codeword to derive the
25 ~ plurality of bits from decoded symbols.

In a further aspect, the present invention provides, in a wireless
communication system, a method for decoding a coded baseband signal, the method
comprising the steps of:

30 - decoding an output phasor stream of the coded baseband signal to

derive an estimate of a codeword, the output phasor stream having a plurality



WO 03/ 017500 PCT/ S&1/00165 5 of synbols encoded therein and correspondi ng
to the codeword, each of the plurality of synbols being associated with
one or nmore of a. plurality of bits; and demapping the esﬁﬁgg’?m}@f t he
codeword to.derive the plurality of bits 5 from decoded synpol's. Bri ef
Descri pt iYA9¥#1780e Drawi ngs A preferred enbodi nent of therqusGmmdiss nventi on
will now be nore fully described, by way of exanple, with reference to the
drawi ngs of which: 10 FIG | illustratgs a general block diagramof a

Wi rel ess conmuni cati on system having an encodi ng section and a decodi ng

b1 ock di agr am ot SAH-GHagRere R R Rarseidiach Rissodmor) e pT 8 FrG: 5 i s
an encoder (r el biufalftpof iR HeniiPassliaftl Grittfone R mord i pifllily gififsat e bLock

i nterl eaving of encoded synbols wthin the encodi ng 1G 1, FIG
5is a flowhart ill#@strating a method for encoding a binary input signal
by the encoding sectjhon of FIG 1. 25 FIG 6 illustrates a Viterhi decoding
trellis when correct!§ ﬁgﬁéil%ﬁtﬁg?tﬁﬁfg}?émd%@&ﬁ? a‘@}“’@é]é‘ipld)‘ﬁ‘\{’@fo 8 1; FIG
7 illustrates ifremrdeesdeddp@bslsng by the decoding section of FIG 1 when 30
fading and additive white Gaussian noi se (AWGN) inpairnments are excessi ve;
17 FEB 2006 WD 03/017500 PCT/ SE01/00165 6 FIG 8 is a flowhart

illTustrati t hod f | ng_.a,.cod d si | by the decodi
[ lustrating a method for gecediag Busoordpssagnd of gnal by the decoding

vA preferred embodiment of the present invention will now be more fully
described, by way of example, with reference to the drawings of which:
10
FIG. 1 illustrates a general block diagram of a wireless communication

system having an encoding section and a decoding section in accordance with the

present invention;

15 - FIG. 2 is a general block diagram of an encoder of the encoding section of
- FIG. 1; |

.FIG. 3 is an encoder trellis for the encoder of FIG. 2;

20 FIG. 4 illustrates block interleaving of encoded symbols within the encoding
section of FIG.1; |

FIG. 5 is a flowchart illustrating a method for encoding a binary input signal
by the encoding section of FIG. 1;
25

FIG. 6 illustrates a Viterbi decoding trellis when correctly decoding using the

decoding section of FIG. 1;

FIG. 7 illustrates incorrect decoding by the decoding section of FIG. 1 when

30 fading and additive white Gaussian noise (AWGN) impairments are excessive;



FIG 9 is a graph of code error probability (CEP) as a function of signal
to 5 noise ratio; FIG 10 is a graph of CEP as a function of fade rate;

and 10 FIG 11 is a graph of CEP as a function of interlezr\zi ng @Spth.
Det ail ed Description of the Drawings A wirel ess comunicati rft 3? em a

met hod f dwOespodong a binary input 15 signal and a net hogefREgRsedI Ng a
coded baseband signal within the wireless conmunication systemin
accordance with a preferred enbodi nent of the invention are described. In
the foll owi ng description, details are %rovi ded to describe the preferred
enbodi ment. It all be apparent to one skilled in the art, however, that
the invention faf Bés pHawehartidlugiatihgamethohfatebaiding a Galed badebadbse det ai | s
may not be i . | engt as not to obscure the invention. There
are many aé&%ﬁﬁ%%%&ﬁ’ﬁ%sqc \9‘28??@%1’01e advant age of the invention is
that the wirel ess comuni cati on system applies an encodi ng schene using

bl ock- coded nodul ation (BCM w thout bandw dth expansion for signals
conmuni cated 23 16v@is 7 giabhf edrigremesr probabilitnCER) s eifgivtiadt signaannel s.

Anot her gad gg{s@%.of the invention is that a code generator matrix for the
encodi ng schene 1S determined in a systematic and nore efficient manner
than existing conputer search nethods. 30 17 FEB 2006 WD 03/ 017500

PCT/ S&01/ 00165 i?A further advantage of the invention is that codes

generat ed by t hélgntbuiamarsefeRR ans fowtisndf fadecitsi on Vi terbi decodi ng t hat
is conputationally nore efficient and has |ess decodi ng del ay conpared
wth existing.trellis coded nodulation (TCM schenes. 5 Yet another

advant age of thendnvention is that inprovenents are achievabl e

10
FIG. 11 is a graph of CEP as a function of interleaving depth.

Detailed Description of the Drawings
A wireless communication system, a method for encoding a binary input
15 signal and a method for decoding a coded baseband signal within the wireless
communication system in accordance with a preferred embodiment of the invention
are described. In the following description, details are provided to describe the
preferred embodiment. It shall be apparent to one skilled in the art, however, that the
invention may be practiced without such details. Some of these details may not be

20  described at length so as not to obscure the invention.

There are many advantages of the invention. One advantage of the invention
is that the wireless communication system applies an encoding scheme using block-
- coded modulation (BCM) without bandwidth expansion for signals communicated

25  over fading channels such as Rayleigh fading channels.

Another advantage of the invention is that a code generator matrix for the
encoding scheme is determined in a systematic and more efficient manner than
existing computer search methods.

30



for the wirel ess conmunication systemin terns of code error probability
(CEP) w thout adverse bandw dth expansion. 10 Referring nowto FIG 1, a
general block diagramillustrates a wireless communicatioh’ $¥&#Mm 10
havi ng an encodi ng section 12 and a decoding section 14 in accordance with
the pres®f0¥/HI@ti on. Signals are conmuni cated from t he PCarSEOU06IGS sect i on
12 to the decoding section 14 over one or nore channels 16. These channels
16 may be affected by channel inpairmepts such as Rayleigh fading. 15 The
Wi rel ess commruni cati on system 10 conprises a synbol nodul ator 18 coupling

t he encodi ng segtd to a transm tting.sectjon 20. Jlnput to.the encoding
section 12 is ag rlezfljalﬁf’?}l%c%c O&Q}ednﬁ“t%@? #ﬂl@?‘ﬁﬂdﬁ? g?qqag,edoqﬁgﬁ: PEOGE ¢ hen
encoded wigchéme th6w seft@edking Veesh desddi @ads QH&gHttati(gl{aﬂ%ioP@efﬁ@féﬁﬂ' ng
section 12 is provided to the 20 synbol™ nodul ator 18. dul ated synbol s
fromthe SAAdthes less dacasting deiay canparedweith existing toslks cmled medulstigm@CM) t hi n t he
transn‘itt-ig&geagézti on 20 to derive a nodulated carrier signal. The
transmtting séction 20 then transmts the nodul ated carrier signal over
the channels 16 to a receiving section 22. 25 Upon receiving the nodul at ed

carrier signal,_ the receiving section 22 down- converts the carrier signal
to a coded basebeianodieyadiantagtef tho itegntions shatdmpiayemknts acadkigvaiile h one or

Ther ea t erter e Eeb R SR Tk ERe o abie SHBRBEI R (LoD ar e 1 hen
provi ded twithdie adesosbahdwidl txRRsidd. to derive a plurality of bits as

output. 30 The plurality of bits corresponds to the input to the encodi ng
section 12. 17 FEB 2006 PCT/SQ01/00165 8. For every block of N binary

sourcepbits or i frRi LS, 26 _of .t he encodi.ng section 12
maps 2\9 ery n bi ?éfé{r%goﬁ% %%@ %ﬁ"r%‘? g‘?@?fﬁ"ﬁ% Idlag&an% 11§xst?a}tes %ﬁg?:]le ically, the
mapper 26 cehimesicdtiva systomridhgviag uh @Beddlih S sdclibA 12 @R & detoling sbdtiekist of N

synbol s, where Q@is a . factor of N. Hence, for N binary source bits
r epr esent &8 2p§Prdanag watly e pregent inventiony Prgnalsare sompinicalpdHiorsthar e represent ed

by wher ei Rpfodinig BEctibn33d the dbdcdtiPsectioR 9 098 he SX MR EnaNIP 96, RlesdX 1S

defi ned

channels 16 may be affected by channel impairments such as Rayleigh fading.

15

' The wireless communication system 10 comprises a symbol modulator 18

coupling the encoding section 12 to a transmitting section 20. Input to the encoding
section 12 is a plurality of data bits. The plurality of bits are then encoded within the
¢ncoding section 12 and output from the encoding section 12 is provided to the

20  symbol modulator 18. Modulated symbols from the symbol modulator 18 are mixed
with one carrier signal within the transmitting section 20 to derive a modulated
carrier signal. The trahsmitting section 20 then transmits the modulated carrier signal

over the channels 16 to a receiving section 22.

.25 Upon receiving the modulated caniér signal, the receiving section 22 down-
converts the carrier signal to a coded baseband signal. The coded baseband signal,
coded with one or more symbols, are then symbol demodulated by a symbol
demodulator 24. Thereafter, demodulated symbols from the symbol demodulator 24
are then provided to the decoding section 14 to derive a plurality of bits as output.

30  The plurality of bits corresponds to the input to the encoding section 12.



simlarly. A generator matrix G of an encoder 28 of the encodi nﬂf pn 12
is an Nn 10 by N matrix. The encoder 28 is non-linear and is usgra1 gd
w t'h a general block diagramin FIG. 2. The encoder 28, inpl entnt/ 018
shift register, has two delay elenents 102,104. input synbols are shifted
into the encoder 28 fromleft to right. Constants of 1,13 and 8 at
multipliers 106,108,110 nultiply the data at the various stages of the
encoder 28, respectively. The resultinggnunbers fromthese nmultipliers 15
106, 108, 110 are added at an adder 112 to produce the overall 2‘?’%‘%

synmbol s. Thi's encqgl ig.0 BREtRbf QBidaty $aedck bt lumality pHbilEsa TIFPRS nts for
such a generator matrix” 0 are defined over Z(%% U&{ﬁwﬂ’of)f =7*nt egers nodul o
M where Mi sthalen@rdbigtseatoplﬁrwemmhé%ﬂ“m?e PUPH reater than 20 g

= 2" . Consequently, an incre JuSechnijpedoakslof A -
codewor d genSpestisall ﬁ%ﬂ@lﬁﬁgégg@ Rll%gn\,%% uﬁe}&%%@c [cl, cc, ..., cN)

w th each LA elyement or Ck taking va ‘ afted Byput of N
bi nary source%sygbvls,\ﬁm%tstaéﬁctﬁrd’ - Héﬁ?eyﬁ%é#%% (fq{) wi dt h lfyg t her eby
conserved with”®such an encodi ng net hod. Code constructl on b%«@hhe encoder 28
i's based upgonyhg,fml Q%nghmimmmolmemm ot es product
nmodulo M 17 FEB 2006 WO 03/0175Qp PCT/ SG01/ 00165 d%s&hh%]ng t he code
construction, wheri® d,sb,uls%bél-%a:s-l' N beneadgachrky opipy ﬁltqrgh the N

bi nary source bits b [bl, b2, ..., bN], in which bk takes values in Z2,
the ring of i&még‘bf-s modul 0 2. CQut put fromthe mapper 26, d =

[d1,d2,..., "l with elenents in d take values in Z4 are encoded into a

codeword c = [CI c2, . 5 where d nd it hi s

exenpl ary il I ust ratAam@W@@ﬁ&%@BP@?&?’rﬁ eegmadé%%t}%w oRer at or

matrix wth s‘%ﬁ aznx%%ddmlzao&ﬁn&wmmmmagmw at an (m
0

k) cyclic code

n the irreducible polynom ca
GF(2). Hovveverd‘aglrf’e!?ﬂclll‘lé"‘lﬁl216312(5\\1190 tzﬁe‘mpé"é’i“’fngé 5‘?’# b%ﬁg‘s{')rle poI ynom al

defined in Z(M, F4 ﬂb%é@&éa%wm@mﬁmmmmm bes ‘how
to find the ener at or nom aI over
? Constants oP 1,15 and 8 at multipliers 1%6 108,110 multiply the data at the various

- stages of the encoder 28, respectively. The resulting numbers from these multipliers
15 106,108,110 are added at an adder 112 to produce the overall output symbols. This -
. encoding operation is performed modulo 15. '

The elements for such a generator matrix G are defined over Z(M), a ring of
integers modulo M, where M is an arbitrary predetermined integer that is greater than
20 g=2".Cousequently, an increase in codeword distance is expected. A codeword

generated by the ericoder 28 is denoted by ¢ = [ey, 2, ..., y) With each ¥ element or
cx taking value in Z(M). Therefore, an ixnput of N binary source bits is converted to N
M-ary symbols and bandwidth is thereby conserved with such an encoding method.

Code construction by the encoder 28 is based upon the following equation:
25 : c=d®, G ' , @

where ®,, denotes product modulo M.



Starting with the fundanental theoremof arithmetic stating that a
conposite integer Mcan be uniquely factored as (standard factorisation of
Ma), Mef[gl, (2) i=1 15 where ql = p" , pi is the i-th prqm&tﬂqmmor and al
is a positive integer exponent. In the case for t =1, then M= q; =1p; iIs
first co®Q 8913800 Many exi sting. cyclic codes have been fmmmmmerﬁaz(pi ),

i n“which the generator polynomal, go(x) divides x' -1, where ni is the

| engt h of the codeword. However, the cgrresponding 20 g(x) which divides
x"' - 1 over Z(ql) can be found based upon the follomjng equation X -1=

. h d 3 nd h def d
el essen it nin deibebiags ket inghon nt 2% USpdpgn comlyTsuREg () pr
J=0 17 FEBWZ;QQﬁeRCﬂ]bM Oo'f}‘ FbJ?b V\/gere 5Wh£§mp%l é‘lﬁ?nﬂeva“ ous

proofs for the above ¢an be found i'h gital Signal” Processing

Al gori t hneringRE iteges m@@ﬂo(?S@atpmnﬁoﬁ ﬂhs Happea 2d, a?7—rEls¢)l d ,Fod, eXawithe, to
find the generator matrix 8, 4) for m= 4. Here ({8, is a row 4,
col utm 8 nelemierts leértek@vaManEgﬁmE@nbdrrledhhmck cealezvmrmcc# [dl,hca, codewhr d.

Si nce ve its,is e into the g-ary synbol, the nunber of rows
s Nn & 7‘%@16%642,%%%@& fS D éhh&palmpéheygr@ﬁia&arm%mﬁfé (m k)

cyclic (Cfd&ﬁmwg&f‘e&ﬁmﬂ%&mae&e&smﬂmk = N-Nn=4_-1(5 h(x)

In Z; or GF{(2), it is well known that an (m, k) cyclic code based on the
irreducible polynomial can be defined in GF(2). However, in the ring Z(M), the
corresponding irreducible polynomial defined in Z(M) has to be found. The

10 following procedure describes how to find the generator polynomial over Z(M).

- Starting with the fundamental theorem of arithmetic stating that a composite

~ integer M can be uniquely factored as (standard factorisation of M),

Mz]:t__[ql H . (2)

i=1

15 where ¢, = p, p; is the i-th prime factor and g; is a positive integer exponent.

In the case for ¢ = 1, then M =g, = p,” is first considered. Many existing

cyclic codes have been found over GF(p;), in which the generator polynomial, go(x)
divides x” —1, where m is the length of the codeword. However, the corresponding

20 g(x) which divides x” — 1 over Z(g,)can be found based upon the following

equation:

2" —1=g(x) h(x) mod g, 3)

‘where g(x) and h(x) are defined modulo ¢, and expressed in the p-adic form'as

follows:

a;-1

25 g(x) = Zg, )p/ “)




g (x)- --fil-4 g,.;x" g;JE G(P1) (6) i-0a-1 h,(x) _ ,h,.,xt hip E GF(p)
(7) 1i=01i-0 Aprimtive polynom al of degree 4 over G-(2) is x4 +FXB+ |ﬁ .
The degree 4 primtive polynom al over Z(4) is x' + 2x2 + 3X +117 FEB 200

Therefore the generator matrix Gis given as follows: 15 GG 102 3 1\~0
0 0x,102 .31\00 002319% O0O0dl 02 31 Preferabl yPCiHgeo//00165
generator matrix is to be of the above-banded rectangular matrix because
this kind of cyclic code have special trellis structure and can be easily
decoded using the Viterbi algorithm In thé banded rectangular matrix, the
i-th rowis . 20 a shifted version of tlee (i- |)-th row. 17 FEB 2006
PCT/ 5/ 00165 11 In the case where t is azz arbitrary integer, and M= ftqj
is a conposite i=i integer, then givegia polynom al A(x) w't oefficients
over AM, M= Pi “p= .. pa . Theh(géb#& ,&F}aﬁ;)s/ A<O (x) ; f =1,Q5)g, cee, b,
can be found by A(1) (x) - A(x)nmod p/ . (g) -5 The above statenent-
follows directly from application of.the Chinese Renmai nder Theorem for
integers and the definition of a polynomal- If the - polynomals A<) (x)
mod p" are al r¥8d% known, then the corresponding A(x) m od :

1=
g,(® =Egi,jx' 8ii€ GF(p,) . ®)
=0
-1
h(x)= Y h,x h;€GF(p) ¥))
‘=° .
5 A detailed anglysis and various ﬁooﬁ for the above can be found in Garg H.

K., Digital Signal Processing Algorithms, CRC Press 1998 (Sections 6.2, 6.3 and
7.4). For example, to find the generator matrix G(8, 4) for M = 4. Here G(8, 4)isa
row 4, column 8 matrix, where & represents the block size N of the codeword. Since
every # = 2 bits is mapped into the g-ary symbgl, the mumber of rows is N/n=8/2=

10 4. The dégrce of the generator polypomial for the (m, k) cyclic code deg is
determined by deg =m —k=N — N =4.

A primitive polynomial of degree 4 over GF(2) isx* + x +1. The degree 4
primitive polynomial over Z(4) is x* +2x* + 3x +1. Therefore the generator matrix

G is given as follows:
15 \1\ 0 23 1\(3 0 0
G= 0Nl 0 2.3 INO O
Tlo0Ng 0 2 3 1N
A N
0 0 010231

Preferably, the generator matrix is to be of the above-banded rectangular
matrix because this kind of eyclic code have special trellis structure and can be easily
~ decoded using the Viterbi algorithm, In the banded rectangular matxix, the i-th row is .
20 a shifted version of the (i-1)-th row. _ - '



Z(M has to be found. Firstly, the polynomals are witten as ]7a;rE131290510
A<O (x) _ ayXJ nod p;'’ (9) J=00-1 4(h) (x) ati x' m)de P i/’]s%oi,a'
0 B

pol ynom al - {(x) nod p;' p** can be found by: E-1 A('-

nodp Pk (11) 1=0 where a~ = a (r)a, can be obtained by the Chinese

Remai nder Theorem 15 for integers. Follow ng the sarre procedure as above,
the polynomal 4(x) with coefficients over Z(M, -M=pla p 2 ... p;' is

determined from A(x) = A" (X) (r)A(2)1Y(x) (r)... (r) A<q (x) (12) 20 As
anot her exanple, the generator matrix 3(8 4) for M 20 is used, where t he

degree of the generator polynomal js de klegfipd¥ites 20 = 22. 5.
As it is already Amthusaserwiere Hsohabimeg o %ﬁ%deMF—hgétlﬁe degree 4 pI’I mtive

pol ynom al over Z(4).is GL(x) = x-+ 2x2 + 3x + | and over Z(5) is Q(x) =
x4 + x3 + 25 3y rzﬂ-% éﬁaﬁggolgﬂo&ﬁm@whbs@mqwézwwor em the generator

pol ynom al over s G (

‘ ) 16x + 13.
Theref ore, t hes gaiigfat-gf. mmlannyﬂa#‘ﬁiﬁbizobé’ P&ﬁé@%f }5%%%5 12 1 1618

*- 0 T .
15130 OA 0*-.116 181513%,0 O ('(’B(x) (xlgg(?l@ 0 | ®
5 | T&'m above statement follows directly from application of the Chinese

Remainder Theorem for integers and the definition of a polynomial. If the
polynomials A” (x) mod p¥ are already known, then the corresponding A(x) mod

Z(M) has to be found.
Firstly, the polynomials are written as:
ei=l . to 9
10 AO@) =Y a,x’ modp} : ®

J=0

m=]

AN (x) =Y, a,x’ modpj* 10)

=0

The polynoraial A% (x) mod pf' p2 can be found by:
m-1
AN (x) =3 ay ;x’ mod py' pgt an
=

where a, , = a,; © a,, can be obtained by the C,hinese Remainder Theorem -

16  for integers.
Following the same procedure ag sbove, the polynomial 4(x) with
coefficients over Z(M), M = p{ p*+--p* is determined from:
| A() = 49()@ AP () ©...0 49(5) 12

20 As another example, the generator matrix G(8, 4) for M= 20 is used, where
the degree of the generator polynomial is deg = m — k= 4. Here M=20= 225.

Asitis already known from the eatlier example that the degree 4 pnmmve
polynomial over Z(4) is Gy(x) = £+ 23:2 +3x + 1 and over Z(S) is Go(¥) = H+a
25 35 +3. Based on the Chinese Remainder Theorem, the generator polynomml over
T Z(20)is GG) =x* + 167 + 187 + 15x + 13. Therefore, the generator matrix is



0 0 04\\, 1161815 13 5 Code construction using shift registers thatfEBdbltbe
described by a code trellis

Is illustrated with the foll ow ng | or
a code with a generator matrix C7(4, 2) for M= 15, the generat%ﬁ%ﬁg?)f/ﬁg’(mss
found in the sane way as for the generator matrix 0(8, 4) for M= 20. The
degree 2 10 primtive polynomial over Z(3) i-s G(x) = x2 + x + 2 and over
Z(5) is &(x) = x2. + 3x + 3 are already known. Based on the Chinese
Render Tfaeorem the generator pol ynon‘izal over Z(15) is G x)+_ x2 + 13x +
8. Therefore, the generator matrix is G= 13 8 0 0113 8 15 Then the codeword
c is.0000001 0101138 0213 8 0 02'111 1 G (13) c¢c=d(«) ,,, 31 13 8 0399 .00
3331239 The state for the encdder16288i §5 d&¥ ised%as®the contents of the '

shift registers, that is, Si :6\(‘25’16 Y- 23, 13k@red{u,} is the information
0 .

sequence. For the encoder 2&= ) sl(éogge?g e?\b use the trellis as
shown in FIG- 3 to keep track Pnalsti8t é°of” t hie Xdncoder 28 at each ti ne.

Suppose that the encoder 28 is 0 niot i AN 5ed6i A8t he ate (0, 0), and the 2

-bit nmessage (0, 1) is,transmtted, followed by a term nating string of
(0.0).. ‘

5 Code construction using shift registers that can be described by a code trellis
is illustrated with the following example.

| For & code with a generator matrix G(4, 2) for M = 15, the generatot matrix 1s
found jn the same way as for the generator matrix G(8, 4) for M=20. The degree 2
10  primitive polynomial over Z(3) is Gi(x) =+* +x + 2 and over Z(5) is Gox) = 2 +3x
+ 3 are already known, Based on the Chinese Remainder Theorem, thz generator
polynomial over Z(15) is G(x) = 2 + 13x + 8. Therefore, the generator matrix is

G_11380-‘
1o 1 13 8

15  Then the codeword ¢ is

00 60 00

01 0 1 13 8
o 0 2{[t 13 8 0] 0211
e=d®u Gy 3'[0 113 8]’0 3 99

13 3] 13 12 3 9]

The state for the encoder 28 is defined as the contents of the shift registers,
that is, ;= (g1, t:2), where {u} is the information sequence. For the encoder 28, it
20 is convenient to use the trellis as shown in FIG. 3 to keep track of the state of the
encoder 28 at each time. Suppose that the encoder 28 is initialised in the state (0, 0),
and thie 2-bit meséage (0, 1) i ransmitted, followed by & terminating sting of (0, 0).
Therefore, the transmitted codewerdis ¢, =(0,1,13,8). -~



Therefore, the transmtted codeword is ¢c" -r (0,1,13, 8). 17 FEB 2006 WO
03/017500 PCT/ SA01/00165 13 Each branch of the trellis is |abelled with the
code synbol and the path in bold shown in FIG 3 illustrayegptyhg encoded
codeword ¢ fromthe encoder 28. The nunber of possible states at tine i =
0, 1, ..wWod/nisseor espectively, 1, 4, 16, 4, 1. 5 A fl owcharnisadioéloe
encodi ng. net hod 300 to encode a binary input signal as described in the
above is illustrated in FIG 5. The hod begins at step 302 in which the
encodi ng section 12 receives the binary input signal having a plurality of
bits. Thereafter,  the nag er 26 maps _the plurality of bits into a plurality

of symbols. Eab#fhdranchet ghetredlis tsﬂabﬁﬂleé ascqds sEmbelanst Bepah &h one or
mor e of thﬁ“%l&' S nt it O§ 11&!% a&:sttl? en-ggg%cﬂ%g &fg ?i?vyﬁ? e ér'Z%u to step

308 .at wh e enco enco oIs

corr espondnumbqilotﬂpedsibleyst@tfes artiRg sy, 1pJdUkaes, Ms})ébtﬁl'@ry,\!(% 1@ plur aI [ ty of
codewords. Mis an arbitrary predeterm ned i nt eger. 15 "The encodi ng net hod

ends with step 310 at which the plurality of codewords are nodul ated by

t he syrmbol nodu L ion 20. 20
Fol | ovmrgr)\g encodk%%@r?ﬂe pleﬁémﬂ?e ﬁgé%pgogl%%ée%gg%}qu%é‘?%?% ovided to
t he synbol desoribddan die abBve HiHusiaidibin FTO0 8] BeQhictdd Sy dt$esp 32phase

nodul at or = 30, a bl ogk |nterI eaver 32 and a differential phase encoder 34.

Qper at i ng Whichiie encediagsnction 12 rereives Akebing innut egn@dlabfwlw‘rahﬁ/ o] he
dewor d =
P2tckim. § YO TRl pBBBROT, mIL Il WS pyrq Db K ot

phasor bl cBichaf tHehygludalityodd symibetls ie assetiattd withsond obuidre bf met;hurahtyrocﬁws and N
col um V\ﬁ re ais the interleaving depth and Nis the span of
i nterl eavi FIG 4 illustrates block interleaving of the buffer having
(a*N) synbols. 30 Phase nodul at ed synbol s of the output phasor block X,
provi ded to the bl ock

The method 300 then contmues to step 308 at which the encoder 28 encodes

' the plurahty of symbols to a corresponding plurality of integers modulo M to derive

' _a plurality of codewords. M is an arbitrary predetermined integer.
15

~ The encoding method ends with step 310 at which the plurality of codewords
are modulated by the symbol modulator 18 and transmitted by the transmitting
section 20.
20 Following encoding of the plurality of bits, coded symbols are provided to

the symbol modulator 18. The symbol modulator 18 comprises a phase modulator
30, a block interleaver 32 and a differential phase encoder 34. Operating on the
codeword c, the phase modulator 30 transforms the codeword ¢ to an output phasor
block x = [xy, %3, ..., xn] With x; = exp{-j27nci/M}. Thereafter, the block interleaver 32
25  interleaves the output phasor block x. The block interleaver 32 has a buffer with o
rows and N columns, where o is the interleaving depth and N is the span of
interleaving. FIG. 4 illustrates block interleaving of the buffer having (¢*N)

symbols.

30 Phase modulated symbols of the output phasor block x, provided to the block

interleaver 32 as a phasor stream input sequence, are written row by row into the



interl eaver 32 as a phasor streaminput sequence, are witten row by row
into the 17 FEB 2006 WD 03/ 017500 PCT/ S&1/00165 14 buffer. Qutput sequence
fromthe block interleaves 32 is read out colum by colum and denoted by -
X' [xi ,..., xf-, ..., xa For exanple, let the time indekl kih?i8k be

descri bedywi = /3N +u+ 1 and 5 where 0:5 (3 <a-1_and 0:5 uS N
-1 Afte(rzw?ﬂrq%/glﬁ:gogavi ng, the xk synbol then occupies the (F§T’gG%/°°&‘*°+ 1)
position in the buffer, where /3 + 1 is the row nunber and it + 1 is the
col um nunber. Wth reference to FIG ¥ the synbols in the input sequence
x =[xlI,...,xk,...,xa,,N and the output sequence x' = [Xx',.. X' have

the fol | owbnffer Guiptit srysbice, frord SherblBERintdrloaver A2 At otddolui b9 RblufMM dept h
of interleaving can be defernmned fromcharacteristics of the channels 16.

The differ ii%Otﬁgtbé’éé%ﬁcedé«s--3&;*&Hlen differentially phase encodes the 15
interl eaved phase nodul ated synbols. Qutput fromdifferential phase encoder
34 is a ‘transm ssion phasor stream {Uk}, where uk = uk-1xk where uo can be

tt 1. 15 i i t kl i h i ith
oot 1 or s gnal T KARRld RIHE Gk ARRIR 5 el Wk b BYS He st ot e

i i ] §Si ; 16. The M signals are

esuned to Bl 087 <bLAEN AR AL AL AT M eat i, DRk RmRALNGE o 2t ng
h | - i i {i i te: i i A . 25 W ived b
Sha oy vPecbied (RAH 11 4 HobS ST IRL Rlkre haE A ) alte % miY v er od
to a codedmaﬁedxﬁado1ﬁinﬁmhlbemeﬂﬁ@@k€&n9@§ﬁg 0%@@%@5%%2@wh interval

has the conplex form 17 FEB 2006 WO 03/0
Sequence X =[x,...,X;,...,%,,y] and the output sequence x’ = [x;,...,x},..., X ]

have the following relationship,:

10 xﬂN+p+l = x:ux-bﬂ-rl <14)

An optimum depth of interleaving can be determined from characteristics of
the channels 16.

-The differential phase encoder 34 then differentially phase encodes the

15 interleaved phase modulated symbols. Output from differential phase encoder 34 is a

transmission phasor stream {u;}, where

W = Xy (15)

where u, can be setto 1.

20 - The transmission phasor stream {u;} is then mixed with a carrier signal
within the transmitting section 20 to derive a modulated carrier signal for
transmission on a channel 16. The M-DPSK signals are assumed to be transmitted in

a flat, but time-selective Rayleigh fading channel and with additive white Gaussian
noise (AWGN).

25 When received by the receiving section 22, the modulated carrier signal is

down-converted to a coded baseband signal. The coded baseband signal in the k-th

interval has the complex form



15 1 _ ~Y.fxWUk + Vk (16) where vk is an AWGN sanple with zero nean and
variance E{vkv* } =1. y is. the signal to noise ratio (SNR). The sequence }
is a conplex zero-nean Gaussian random variabl e representijngggtg f adi ng
process, which is assumed constant only over one synbol Auration and
correl at 840 6¥/@&758ynbol s. The autocozrel ation function offdsciBifekf k" } =
P~,,, =Jo (27u-tfDT ) (17) where fDT is the maxi mum Doppl er frequency
normal i zed to the synbol rate and Jo(;9 is the zero-order Bessel function
of the first kind. This fading nodel is 10 commonly referred to as the | and
nmobil e radio nodel, wth the consideration that many nultipath waves with
identical anplitude arrive at theYdgei vng antenna from al({l6Hirections
with equal probability. Thereafter, the coded baseband signal is provided
to the synbol denodul ator 15 24, which conprises a differential phase

detector 36 andwhell)ikan AWGN 8amBRWIth 30 nkhf afld {irmedtA@)yv: phase idet ect or
36 processes the rk input of the. coded baseband signal to derive an

out put phatersigiat eamig ratia §SNRYPTHR dchberice! {9 NeoBslbREERIheabkGauskik K- 2 (18)
Ceneral ly, we can set ro = 1, The bl ock deinterl|leaver 3 S perforns a
reverse of Faodem veyiable wepresentingthededingiudcesh oviichvis assapedtconstartionly above.

Dei nt: ' , d f f he.. . ph
treams (o nra ao et Rt O 0 e oot PG Sidiod "2,

z2, ..., ZdffiisThe deinterl eaved output phasor streamz is then decoded by
the decoding section 14, which conprises a Viterbi decoder 40 and a
de- mapper 42. 17 FEB 2006 PCT/ Sr )1 /00165 16 For an M DPSK transm ssion

as applied.in this prefer&gd ghbedpyeny, (2ayfppl deci si ons af1@) made using a
product detector of the Viterbi dec der 40 that conputes

- where fpT is the maximum Doppler frequency normalized to the symbol rate
- and Jo(*) is the zero-order Bessel function of the first kind. This fading model is
10 commonly referred to as the land mobile radio model, with the consideration that

many multipath waves with identical amplitude arrive at the receiving antenna from

all directions with equal probability.

Thereafter, the coded baseband signal is provided to the symbol demodulator
15 - 24, which comprises a differential phase detector 36 and a block deinterleaver 38.
The differential phase detector 36 processes the 7y input of the coded baseband signal

to derive an output phasor stream z, based upon the following equation:
LA B (18)

Generally, we can set 7,= 1. The block deinterleaver 38 performs a reverse of the

20  interleaving described above with equation (14) above. Deinterleaving recovers the

correct order of data from the output phasor stream z; to obtain a deinterleaved

phasor output stream z, where z = [z3, 2, ..., zn].

The deinterleaved output phasor stream z is then decoded by the decoding

| section 14, which comprises a Viterbi decoder 40 and a de-mapper 42.



the following nmetric: ro(c)=Re z" exp(j2i" /M (19) nl4 5 whergy (8 2B61 S
decoded to the codeword ¢ such that the correspondi ng val ue {,?ﬂ@%yﬁ)ot‘gy ,
~maxi mum of all the values {r)(c) }. Hence, for maxinmumlikell 63 decodi ng
of the codeword, the conputation needed is equal to N2N conpl ex

mul tiplications, (N -1)2N conpl ex additions and 10 (Z-1) conparisons, which
Is conputationally inefficient. On the other band, the independent and
equal Iy probabl e codewords nmake it possiébl e for a Viterbi algorithm to be
enpl oyed. The Viterbi algorithmis considered for the. pref d enbodi nent
of the invenij oM \ABPaRHhafisdion skmppﬁﬁdigtbﬁpfafeﬁ%‘i‘%b@ﬁg"é’g sﬁ%ﬁﬁl ation

signal - The bl ock- coded nodul ati,on i na‘% | Sy debdieEd i bitogmpuies el i s
with metric aﬁecismhr@anﬂdﬁualsgéa{?&}‘%ﬁ“ bf‘%s‘éve. The task of the trellis

decoder is to .@ﬁﬁﬁmk g. path that the encoded signal sequence traces
t hrough t he ttrhgﬁqos. 0 tii:lionstructit he trellis, }the procedure is mainly the

sane as for binary codes, e It eﬁ@,@dmﬁ' on and r@tiplication
operations 20 are carried o ovet, t'he Ing 2(M. Supposing the

transmtted codeword is (0,1;13, S) for the code wiih the S6E S ator matrix
(4, 2) fog M= 15 whew {r) it deoddddy Greandensds seefhat RSB ohl ock 1.0 +

0.21i s [xi, x2,. X ]"~AM= 0.9; 0. 4] 7 + 0.7)) 25 provided to the
channel 16. TOWE) isih marigngpf tﬂffa‘fahﬁgibg‘?}fg process, supposing that the

received phasor for this phasor block is (1.8 + 0.5j), 0.5 - 0.8},1.2 +
0.5, -1.5 + 0.5)) after channel i npairnents use{j? o] ' §adi ng and
AWON. As shown in HenGs, fér madimusdiselifised dpcedng ot BE W&ﬁ%?@%@%pm yi ng
Viterbi decodi ng,us..n WeTal} tipl3Gticke, EEB)f’%ﬁxpwaG&ﬁmm 0
BT SGOL, 007 65hoRgbiEt Bal B! coftic ilhepliatiohs, (V=S e
10 (2¥-1) comparisons, which is computationally inefficient. On.the other hand,

independent and equally probable codswords malke it possible for a Viterbi algorithm

1o be employed. The Viterbi algorithm is considered for the preferred embodiment of

the invention as applied to decoding of a blogk-coded modulation signal. The block-

coded modulation signal is dcscﬂbgd using a trellis with metric as defined in

" 15 equation {19) above.

The task of the trellis decoder is to estimate the path that the encoded signal
‘ sequence traces through the trellis. To construst ﬁ;e trellis, the procedure is mainly
the same as for binary codes, except that the addition and oultiplication operations
20 are catried out over the ring Z(M).

Supposing the transmitted codeword is (0, 1, 13, 8) for the code with the
generator matrix G(4, 2) for M= 15 used in the above example, then the phasor
block X = [x1, X3, . - -» Xl &, =e~/2=M =(1,0.9 - 0.4j, 0.7 +0.7j,- 1.0+ 0.2)) is

25  provided to the chanmel 16. To illustrate an actual decoding process, supposing that
the received phasor for this phasor block is (1.8 + 0.5j, 0.5 - 0.8}, 1.2 +0.5), -1.5 +
0.5j) after channel impairments caused by Rayleigh fading and AWGN. As shownin -
FIG. 6, the codeword is correctly decoded by applying Viterbi decoding using

A equaﬁon (19). '

30




FromTinme O to Time 1, the netrics for the four possible branches are:
Re{(1.8+0.5))1}=1.8; Re{(1.8+0.5j)e '2"pis} = 1.4; Re{(1.8+0.5])e'a"ns} =
0.8; and 5 Re{(1.8 + 0.5 j)e'6"ns } = 0.1, respectively. These netrics are
| abel ed al ongsi de the correspondi ng branches in FIG 6. THe &Erﬁﬂﬂﬁat ed

metric ofwbhsosmswvi ving path is |abeled as the circled nydescakofRach
node. As the code was constructed by an input of two nessage %its and a

termnating 10 string of (0,0) into the encoder 28, fromTine 2 to Tinme 3,
every four paths nust nerge, respec-ti1\7ely, at states (0 0), (0 1), (0 2)
‘and (0 3). Therefore, it is only necessary to conpute the subsequent
metrics al ong t Feomm&myd by Pime Hsthe Thetricefomtheafomopaseibleibranwhes drer sur vi vi ng
path is | abel ed_as nuné)er_s i n_ boxes. The Viterbi decoder 40 rel eases the
i nformation seq@é’r{@é“b -5()01}1'7'1-§é shown by the bolded path of 15 FIG 6 at

the end of the |.e n, | ej gh fading and AWGN i npairnments are
excessi ve such R%’gg'gTé‘\gz)e\j/zgg%ﬁhfagbr z,, is (0 +2, 1+0.8, 1.5- 0.5,
1.3 - 0.8]), the trelljs.canpqt erformcorrect decoding. For such a
situation, the Grifbbéﬂ? deﬁ‘&d@g’% uence is 20 (0, 0) as illustrated

wi th the bol ded i R Bl GrpsC. fl owchart of the decoding nethod 800 to
decode % coded ﬁggégﬁhgjékgnaﬁ‘zég’HEE%?“ﬁ d in the above is illustrated in
FIG 8. The nmethod 800 begins at step 802 and proceeds to receiving the
coded baseband signal at step 802. 25 The method 800 then continues to step

806 at whi ch t hghMeteéthts Aekoded alfgside ar@sresionip Dinchhaa MIGs6.r eam of t he
coded baseband signal to derive an estimate of a codeword, The oqut put

phasor st r Sherwaslatedpnaries thy sevidiygpuh és khdediedhe rispled AUMbHA SBk r esponds
one. or or B 255 457 e s SRR By apinitn SRR SRR E B / 00165
18 Fin# | ystlriag of (&) BdShe tdvedelca®y fipar THz 2pnEps 31 eerefiur pathemuft t he
codevord t gxerge, respectively, at states (0 0), (0 1), (0 2) and (0 3). Therefore, it is only
necessary to compute the subsequent metrics along the merging paths. The
cumulated metric of the surviving path is labeled as numbers in boxes. The Viterbi
V decoder 40 releases the information sequence of (0 1) as shown by the bolded path of

15 FIG. 6 at the end of the cycle.

When Rayleigh fading and AWGN impairments are excessive such that
received phasor z, is (0 +2j, 1 +0.8j, 1.5 — 0.5j, 1.3 - 0.8)), the trellis cannot

perform correct decoding. For such a situation, the erroneously decoded sequence is

20 (0, 0) as illustrated with the bolded path in FIG. 7.

A ﬂchhaﬁ of the decoding method 800 to decode a coded baseband signal
as described in the above is illustrated in FIG. 8. The method 800 begins at step 802
and proceeds to receiving the coded baseband signal at step 802.

25

The method 800 then continues to step 806 at which the Viterbi decoder 40
decodes an output phasor stream of the coded baseband signal to derive an estimate
of a codeword. The output phasor stream has a plurality of symbols encoded therein
that corresponds to the codeword. Each of the plurality of symbols is associated with

30  one or more of a plurality of bits.



derive the plurality of bits from decoded synbols receive as output from
the Viterbi decoder 40. 5 Performance of the above coded nodul ati on schene
is determ ned using code error probability (CEP). The CEP f7oF§§g' {]ﬁf er ent

| engt hs of input vectors is obtained through sinulation irq a %9 ei gh

fadi ng clap <Joor such simulation, a correlation coeffjcient of 0.9997
0. oggdsawfﬁ Fiedrscdigfye

orf DT = s used for the Rayleigh fading channel. ation

al so explores how di fferent values of p affects the CEP of codes 10
generated by different polynom als. Beffore sinulation results are provided,
di stance paraneters of codes for the above coded nodul ati on schene are

defined. Typi caFinylly,dit skpBOS, (ROGSHEIRE 82 GEmB)ABK editcht S OMUO batcwRREBlo COodes .
are based on, the concept of Hamm ng di stance or Euclidean distance.

However , t$fEivedhe plvralisy ofilts fean dpended spmbslsacaeireas natput Sivmiet Viterbt or t he
above code cgg%tﬂé)ati on scheme. To determne the Lee distance, the Lee
weight is T1rs éterm ned. The Lee weight of an n-tuple (ao, a,,...,

a"-,) , a, chosen fromthe set (0, 1, ..., M- 1), where Mis an arbitrary
positive integer, is defined as: NI wL=Mail (20) i=0 20 where | ai 1= a,,
Osai <M® 2 M Merformagce efjfhe gbove coed meduldiist stheme bedeterarinadwoing-codpl es i s

defined as el i Lfference. .The squared.lee distance
bet ween i ?Iﬁ&%g&n%%lgﬁt@ﬁﬁ)cﬁmml%5?8%66@%11% SOEGPUEE _%tﬁése%blf?}f‘e‘fengjt h N,
cl and c2,thioughlsémwlatsin SRaGEEfadise SRRAEICHYcH 22fltHonCR dorelnch 1S
defined as fogllows: 25 d2(cl i) .
coeificient p 0f 0.9997 or fpT = 0.0057 is used for the Rayleigh fading channel. The
| simulation also explores how different values of p affects the CEP of codes
10  generated by different polynomials. Before simulation results are provided, distance

parameters of codes for the above coded modulation scheme are defined.

Typically, distance parameters of block and convolutional codes are based on
. the concept of Hamming distance or Euclidean distance. However, the concept of
15 Lee distance is a more natural metric for the above coded modulation scheme. To
determine the Lee distance, the Lee weight is first determined. The Lee weight of an
n-tuple (ay,4;,...,a,,) , @; chosen from the set (0, 1, ..., M - 1), where M is an
arbitrary positive integer, is defined as:

n-1

W, = ;l a; | ' (20)

a, 0<a, <

i

M,
20 where la, |= u 2°
M-a, “<a<M-1

The Lee distance between two n-tuples is defined as the Lee weight of their
difference. The squared Lee distance between i-th components, cj; and ¢y; , of two
_code sequences of length N, cjand c,, in the vector space C, is denoted by

d*(cy;,cy;)» Which is defined as follows:

M
lcu"czila 0<ley —cy IS —

25 o dMeysey) == M 2 @21)
M-|c,; —c,, |, —2—<| ¢ —Cy IS M -1




I di "Ci | | 0<ICUC1I<-Ad 2 M | C11 - C2i 1, M<I C11 -
2 (21) 17 FEB 20P6 PCTJ -3-C _ 410 19 The cal cul atlons are perf E%d{/%a’@”
modul o M The product distance between c, and c2, denoted by AP ( 2(3
defined as. follows: " (22) 2 2 ) The m'nl mum product distance in Cis
denoted by A jGr7 is the mnimum product distance between any two code
sequences: An[C] =xnin c"c2ECandc, c2} (23) As an exanples consider the
generator matrix Q(4,2) for M-15 descri®ed 1o earlier. Wth ci as (01 13
8), c2 as (113 8 0) and M=15, the three di stance neasures are cal cul ated,
respectively, as follows: The Lee di stance between ith cornpouenls, ci, and
C2!, of ci and c2 d(cl2, .c,~) 13, 1 &u}ﬁ[ d(CLl I C21) =10 -11 L= _|
d(clJ, c23) =113 T‘tscalufaﬁoreaa% “E%dﬁ“’ %¥:01 L=7 15 The squared Lee
di st ance bet ween c,é%and (&{w&gx,mwa@ﬁuﬂwm (c,—,g;)m@%-“ 55,7 =94 The
product distance b an - ~-y(~c2)=d2(cu+~l)=12 .32 S2--72 =1
1025 20 After ch)ql%l“g.ul ating for aII the codewords -we fnd that the di st ance
measur es of 2) :

:  See= 14 (wen) ¢

*:LC; Gy *

The minimum product distance in C is denoted by 4% [C] is the minimum

product distance between any two code sequences:
A2 [C]=min{A% (¢,,¢,) : €;,¢, € Cand e, # <,} (23)

As an example, consider the generator matrix G(4,2) for M=15 described

10 catlior. With ¢1as (0 1 13 8), ¢z as (1 13 8 0) and M = 15, the three distance measures

are calculated, respectively, as follows:
The Lee distance between ith components, ¢ and ¢, of cyand ¢

d(eyacy)=10-1{ =1 d(ey,Cn) l.l 13|L"3
d(cy3:¢55) =113 -8{ =5 d(c,45C5) =8-0] =7
t5 The squared Lee distance between 1 and ¢;

. X
d2(c;,0,) = D, d%(Cy50) =1* +3% +52 + 7" =84
1=l ) )

The product distance between cyand ¢z

A’ »(Cnca) = ﬂd (cycy)=1 - 32 .52 - 72 = 11025

Fl,cy*Ca

20 After calculating for all the codewords, we find that the distance measures of
this (4, 2) code are respectively: d,? (c) = 54, Ap'[C] = 176.

' Generally, for an AWGN channel, the error performance of the code depends
'ﬁﬁmarﬂy on its minimum squared Buclidean distance. For a Reyleigh fading
.25 channel, the error performance of & code depends primarily on its minimum gtoduct
distance. |




this (4, 2) code are respectively: dL2 (c) = 54, Op2[(C] =176. Cenerally,
for an AWN channel, the error performance of the code depends primarily on
its n iimum squared Euclidean distance. For a Rayl eigh fading 25 channel.
the errorperfonnance of a code depends primarilY on its min] kbbl{#ioduct

di st ance.wo 03379/ 017500 20 17 FEB 2006 PCT/ S&1/ 00165 Tﬂ}ﬁ,&ﬁﬁm{@g _
di-f ferent generator codes is illustratively determned with the ol | owi ng

exanmples: (1) (8, 4) Codes: The length (ﬁf the input vector is taken to be 8
bits long. The mapper 26 slices 5 it #hto blocks of 2 bits each. The-

simul ations use, a fading bandwi dth (fDT) of 0.0059 or correlation
coefficient p =ThesddrAor dferentigendratancodgs é& lfisteativelyaietermined midrtheavi ng
depth of 48 ¢ m bei ng the synmbol interval, is selected, which is

appr oxi matglgo a tggar{gplg%e-fi fth to one-quarter the duration of the fade
cycle. The fade(Dy@s|4) C&desdefine as the reciprocal of the maxinmm

normal i zed Doppl er frequency. 10 There are various choices on selecting
gener at or pol yndtiedength of thymppovect@ds takes o beh@ hitsloagt Thegndpperid slwepri m ti ve
pol ynonial g .0var 2 nd Z(5), the differenf . primtiye | ynom.al s over
finite Tie g%?’é%é%é’% ?3’&%8?‘&#@3 E‘B}‘F%‘?ﬁﬁ Hefi ﬁé&dﬁ&haedw&%@ ghoraa sder 2(4)
based on t beporesthttoneorR TSR P 00,9997 FRF (i faid¥ 8.0 8F .004Y, Ble iﬁﬁéﬂéa&% Z(2) .
Finally the two polynom als over different rings can be conbined using the
Chi nese Refepth@eA8 Thwith Ebeing the syremd igerval, iselectedgwhich dr appenximatelynce over

f adi h l,s d d i il .th t dist . de, th

gener st or  Aaa SasFARIS BpLalERE o ot Befroh &y ter Retalr wtlend ar gor

pr oduct di SeBNC theRcRhGcalbe md Bt bordAliAAYSHHILRREALRY. USI g dI fer ent
r

pol ynom als as a function of signal-to-noise I 0 re tound for a
Rayl ei @b fadi ng channel and presented in FIG 9. As expected, the plot in

FIG 9s howsv Thage g o t:hc%géjseosn s\glécﬁné gél%(raartor polynomials. If M =20 =22
~ X 5, then starting from the primitive polynomials over Z(2) and Z(5), the different
primitive polynomials over finite fields can be found. The corresponding monic
, polynomial over Z(4) based on the p-adic expansion of the primitive polynomial over
15 Z(2). Finally the two polynomials over different rings can be combined using thev
Chinese Remainder Theorem for integers. Since code error performance over fading
channels depends primarily on the product distance of a code, the generator

polynomials of the (8,4) codes can be selected with larger product distance.

20 The CEP of the (8, 4) codes generated ﬁsing different polynomials as a
function of signal-to-noise ratio were found for a Rayleigh fading channel and

presented in FIG. 9.

. As expected, the plot in FIG. 9 shows that the CEP of codes with larger
25  product distance is much better than codes with smaller product distance. There is a
notable gain that can be achieved by the above coded modulation scheme for slow
Rayleigh fading channels. However, the decoding delay is (V - 1)-48T" for each
codeword decision. This is a minor setback for applying the above coded modulation
scheme to achieve better error performance. In FIG. 9, the bit error probability (BEP)
30  of the uncoded binary differential phase shift keying (BDPSK) transmission in a

Rayleigh fading channel is given as:



25 product distance is nmuch better than codes with smaller product
di stance. There is a notable gain that can be achi eved by the above coded
modul ation scheme for slow Rayleigh fading channels. Howevér, FEBH8l6decodi ng
delay is (N 1)48T for each codeword decision. This is a mnor setback for
appl yi ng Woeseliglle coded nodul ati-on schene to achi eve ber@E$GRIOIGS
performance. In FIG 9, the bit error probability (BEP) 30 of the uncoded
binary differential phase shift keyi ng%l( BDPSK) transmission in a Rayleigh
fadi ng channel is given as: 17 FEB 200 WO 03/017500 PCT/ S&01/00165 21 PY
1 1+y (24) It can be seen that a significant performance inprovenment over
. uncoded transm ssi ops _bé)l'a]:hi eved by using the above co@gp nodul ati on
schene. 5 2) (6,2) Codes2 ThHe+rynput data is 6 bits long for such codes. The
mapper 26 slices the input data bits into two groups of three bits each.
The interleaving depth for these codes is also 48 T seconds. The error
per formance of i wi in FIG 9. The P 10 of, godes
generated by di #t% ar é%]fg geglgtﬁétn%rﬁrglgﬁgm}t RC‘QOWF%WOY%{B%QV%IH%?% depends
primarily aansntissisrisianbelaphietiy kit @6 Bove UoedmBdahitnsengd BDPSK is
plotted in FIG 9 for conparison. CEP performance under different

correl aPi on coefficient p. 15 The above sinulations use a fadi ng bandwi dth
(fDT) of O. 005922623 7}(@5'9997' The next sinmulation determ nes the CEP of
codes generated {/’ iq erent polynomals in Rayleigh fading channel with

di fferent fadi nfhbmpindath hs6 bidllond e saeh s@leatTHRAnarREDS sltdestt iipius di f ferent
for different, fading bandw dfhs fDT. 20 e ( ) code_ generat ed using

The (8, 4
pol ynoni al 82t pits migtWo gropps ghifireerhits each. The interiravipgriept forthassi gedeis| ynom al s
(18 2 3 1o 28P b8k, THE ertoPbarfordiHiAdf : S - | tiois
fixed at 22 %IB. §I'he CEP pgﬁ)gt%nce {:@Héfc(g?zr)é%g%sela%@eﬁﬂé} %IEF IPIRCER
10 of codes generated by different polynomials in a Rayleigh fading channel depends
primarily on the minimum product distance. The BEP of uncoded BDPSK is plotted

in FIG. 9 for comparison.

A 3) CEP performance under different correlation coefficient p.

15 | The above simulations use a fading bandwidth (5, T) of 0.0059 or p = 0.9997.
The next simulation determines the CEP of codes generated by different polynomials
in Rayleigh fading channel with different fading bandwidths fpT. The correlation
coefficient p is different for different fading bandwidths fpT.

20 The (8, 4) code generated using polynomials (1 15 6 12 17) and the (6, 2)
code generated using polynomials (1 8 2 3 17) are used. For this simulation, the
signal-to-noise ratio is fixed at 22 dB. The CEP performance in correlated Rayleigh

fading channels with the different correlation coefficient p is shown in FIG. 10.

25 As mentioned earlier, the land mobile model p = J,(2n/pT) is used. As
indicated in FIG. 10, the CEP depends on the correlation coefficient p and thﬁs on
the fading bandwidth /pT. As /5T increases (or the channel fades faster) or as p
decreases, the error increases as expected. However, as fpT decreases and becomes
smaller than 0.02, the CEP increases. This is because as JoT decreases, the fade

30  duration increases. If the interleaving is not perfect, the long burst of errors cannot be



fading channels with the different correlation coefficient pis shown in
FIG 10. 25 As nentioned earlier, the land nobile nodel p = Jo(2ItfDT) is
used. As indicated in FIG 10, the CEP depends on the corrigl &b o6
coefficient p and thus on the fading bandwi dth fDT. As fDT increases (or

t he channeo of/extem faster) or as p decreases, the error ipﬁf,g@@l%g @s
expected. However, as fDT decreases and becones snaller than O. 5 t he CEP
increases. This is because asfDT decreases, the fade 30 duration increases.
If the interleaving is not perfect, th&|ong burst of errors cannot be 17
FEB 2006 &\Qg 03/017500 PCT/ S@1/00165 22 random zed such that such errors
cannot be pEgZeduly thaf snohisarory eAnnelcdbecasrrestied dngyto tha atitetl coyeatingt he code.
4) CEP per it ifferent interleaving depth a. 5 1n Fig. 11, the
CEP perfor%%%lggngﬁf%e&flg’, 2) code and the (8, 4) code as a function of
interleaving depth is illustrated. The (8, 4) code generated using
polynomals (1 15 6 12 17) and the (6, 2) code generated using polynomals
(1823 17) afeCEBaerfopganceryith dif intesteavingdepthghal -t o-noi se ratio is

fixed at 22 dB with oy r tion coeffi.cient = 0. 9997 he

interl _egvi ng de#t‘_ﬁlgal?hté? é%gf&)frﬁﬁncél‘—fﬁﬁlﬁ&i W@a’tl‘ag‘e 1‘_6??8 4% decreases
si gni fi canfinetionbt fferldading@leBth it NRkstrhBe THY @1 4)Qd8 bERESed hising andom zed.
However, as the interleavi ng) destg(reaches a Certaln value, any subsequent

i ncrease i ROlyRemigls drie6 V2 A @ 8 sodegenematedasingtiodyroBfalp €k 8 33mance  of

bot h codes.. i | so i ncreases .decodi ng del a ry size and,
therefore, l?)ln{}ér%%cgﬁéﬁggsdég)tuﬁmgﬂ’o%? &eB 't8T‘R9éS§ﬁatg‘3<’ﬁ$dﬁeéﬂ%¢§Eﬁn&| t will be
appr eci at edortdlafiornédelifeiaht 102 0.990 B A the thtehQo Rpth @ afcrd8&Nthe eSS bed i n
detail, various nodifications and inprovenents can be nmade by a person

ski | | ed0i nthetfwoaolynaiminls decrdassa sighifigartyo whitheindicaipe that thefbersp pbereons
i nvention. > e, the nbol, modul.at or can al so. be inplenented
with a fr ehsulg'%ézoﬁé gfg’k?\ﬁve&@ i%%gmﬁﬁlaﬁ‘i% S?Ptﬁ) ﬁﬁﬁ@rgeﬁamcv&% @/t phase
encoder camibsequenethcicaseions ﬁﬁéﬂlﬁvin% fepthl RRY RSt ifpEIeahe CEN pRBRRInRe | NSt ead
of the dif fier enti al Phase encoder 34.
of both codes. Interleaving also increases decoding delay and memory size and,
therefore, interleaving depth should be chosen expediently.
15
It will be appreciated that although one preferred embodiment has been
described in detail, various modifications and improvements can be made by a
person skilled in the art without departing from the scope of the present invention.
For example, the symbol modulator 18 can also be implemented with a frequency
20  shift keying modulator. Further, a coherent phase encoder can be used to encode the

interleaved modulated N symbols instead of the differential phase encoder 34.



17 FEB 2006 PCT/s co | /00165 23 Clains 1. A wirel ess comuni cafiféh 2006
system conprising: a mapper for mapping a plurality of bits int .
~plurality of symbols, 5 each of said plurality of symbols bei ﬁg@%@%é?oe{tésd
~with ohe or nore of said plurality of bits; and an encoder, coupled to
said mapper, for encoding said plurality of synbols to a correspondi ng
plurality of integers nodulo Mto derive a 10 plurality of coded synbol s at
sai d encoder output, said Mbeing an arbitrary predeterm ned integer;
wherein said nmapper is adapted to map bi nary source bits into Nn
synbols over a Z(2") ring, said N and n being positive integers and nis a
factor of N and; 15 wherein said encoder is adapted to encode said N n
synbol s over said Z(2) ring into N coded synbols defined over a Z(M ring
and M > 2; further wherein said encodilsimss adapted to encode said N n

synbols by multiplying said N.n synbols . enerator matrix nodul o M
wherein said g‘enelAa‘f"B%eﬁﬁﬁ?Wmﬁ Fﬁis%&“s”i’ﬁ%e E‘%effi cients of a .20 generator,

pol ynoni al ; and wher ei naﬁlaﬁ,ﬁr@emepﬁﬁgxplmlﬁtynﬁhﬁsaitohslutﬂ,ihﬁ"fé)ﬂ“% ng Chi nese

Remai nder Theoretn to conbine all piimtive pal ' Qfe g4 ring of
each standafd fact G@W%@PW‘%G&‘,‘@E"F}?@ ?‘%%%@%%ﬁ&niccati on system as

claimed in daim 1,P1@ﬂgyf,m{sher conprising a modul ator for nodul ating said
N synbol s defined over sajd Z(M ring. 3. The wirel ess comuni cation
systemas clained in d #9n 2, wherein said 30 nodul at or conprises a phase
modul ator. 17 FEB 2066 gp encoder, coupled to said mapper, for encoding said plurality of

symbols to a corresponding plurality of integers modulo M to derive a
10 plurality of coded symbols at said encoder output, said M being an arbitrary
predetermined integer; .
wherein said mapper is adapted to map N binary source bits into N/n
symbols over a Z(2") ring, said N and n being positive integers andnis
factor of N and; _ -
15 wherein said encoder is adapted to encode said N/n symbols over said -
Z(2%) ring into N coded symbols defined over a Z(M) ring and M > 27
further wherein said encoder is adapted to encode said N/n symbols
by multiplying said N/n symbols to a generator matrix modulo M;
wherein said generator matrix comprises the coefficients of &
20 generator polynomial; and
wherein said generator polynomial is derived using Chinese
Remainder Theoreim to combine all primitive polynomials for the ring of
each standard factor of said M.

26 2.  The wireless communication system as claimed in Claim 1, and further
comprising & modulator for modulating said N symbols defined over said Z(M)
ring,

3. The wireless communication system as claimed in Claim 2, wherein said
30 modulator comprises a phase modulator.



PCT/ S01/ 00165 24 4_ The wirel ess communi cation system as cl ai mgd Fi8 @i m
2, wherein said nodulator conprises a frequency shift keying E?f}éw%E)léSS.
The wirel ess conmmuni cation systemas clained in Claim2, and f er "5
~conprising an interleaver for interleaving said nodul ated N symbols. 10 6.
The wirel ess communication systemas clained in Cairm5, and further
conprising a differential phase encoder for encoding said interleaved

nodul ated N synbols. 7. The wirel ess g@amruni cati on systemas clained in
Caim5, and further conprising a coherent phase encoder for encoding said
interl eaved nodul ated N synmbols. 15 8. In a wirel ess comunicati on system
a net hod for %nco%%ée%gicgﬁﬁﬂnjcmts gﬂMecﬁamhnﬂth@ele%ri sing the
steps of: mapping said plurality of Eit,s i nto g‘ﬂglﬁrality of synbol s, each
of said plural imydubstorspmputes aFenwgo bk RE B TY one or nore of said
plurality of bits; 20 30 and encoding said plurality of synbols to a
corresponding plurality of integers nodulo Mto. N Rlgal ity of
codewords, said M'Iﬂiemlcmona?%w#‘%?s‘ﬁ‘?éﬁg?’g‘?ﬁi“g& |%F€%er; "wher ei n sai d
mappi ng_step furg@;ﬁs g@mtgﬁavéh&m&%ﬁaégmmmwsmw.i nto N'n synbols
over a Z(2) ring, sard N and n being positive integers and nis a factor
of N, and wherein said encoding step further conprises the step of encoding

said N n symboks Oﬁ:ﬁ%sgaﬁﬁe% icdtio Sy steht 48 chinged ADOlafn Glehd fistheover a Z(M

ring and M> 211; el n sai'd eaeodi ng step. h i ses t he
st eg of comprising = differential phase encoder %or encoding said mIcWeav%ﬁ mofdiked

N symbols.
10
7. The wireless commurication system as claimed in Claim 5, and further
comprising a coherent phase encoder for encoding said interleaved modulated N

symbols,

15 8. In a wireless communication systern, 2 method for encoding a binary input
signal, said method comprising the steps of: |
mapping said plurality of bits into a phurality of symbols, 'each of said
plurality of symbols being associated with one or more of said plurality of
bits;
20 and
encoding said plurality of symbols to a qorresporiding plurality of
integers modulo M to derive a plurality of codewords, said M being an
arbitrary predetermined integer; '
wherein said mapping step further comptises the step of mapping N
‘25 bits into N/ symbols over a Z(2") ring, said N and n being positive integers
and n is a factor of N; and | :
wherein said encoding step further comprises the step of encoding 4
said N/n symbols over said Z(2") ring into N symbols defined over a Z(M)
ring and M > 2" o o : : ;
30 | further wherein said encoding step fuxther comprises the step of
multiplying said N/n symbols a generator matrix Modulo M;



mul tiplyuig said NNn synbols a generator matrix Mdulo M 1 17 FEB %é&gﬁ PC
F/ SG01/ 00165 25 wherein said generator matrix is obtai ned fromRGEsEod/00165
coefficients of a generator polynom al; and wherein said generator

"~ polynoni al .is derived using Chinese Remainder Theoremto conbine all
primtive polynomals for the ring of s each standard factor of said M 9.
The nmethod as clainmed in daim8, and further conprising the step of ‘
nodul ati ng said N synbols defined over aid Z(M ring 10 10. The nethod as
clained in Claim9, wherein said nodulating step conprises the step. of
phase nodul ating. 15 11. The nethod as clainmed in Caim?9 _V\/neﬁgi n said
modul ati ng step conpri s\gﬁerei}llgﬁdgér@ﬁtdifmahbeiqubmﬁoﬂﬁmmeGR@F‘FI‘&S ful at i ng.
12 The method as clained in Jdaim9, and further conprising the step of

i nterleaving said gmmr@kynﬂmsa}mb%l s. 13. The nmethod as clainmed in Claim
12, and further conpri smgfﬁ%,fggd%&&atéﬁ olyaBmihl fsfderiedsiag Cha¥e encodi ng sai d
interl eaved nodul ated N synpol s. . _‘IPhe nethod as cl-al AR@heirddgefal m 12, and °
further conprising Rd@!@@eﬁ%ﬁmﬁﬁ%?’éﬁﬂum‘ggegﬂ%%o I'ng sald I nterleaved
modul ated N synbol s, 78, 18,1 Qe WhLi@hess comuni cation systemas clained in
Claim1, futther conprising a decoder for decodi ng an out put phasor stream
of a coded baseband signal to derive an estimte of a codeword, said output
phasor stream gavi pg g‘,hgékg by inU1aisyThed Sutehcodpdsiaghe semotfand
corresponding to sai d"codeword, each of sai, lurality of synbols being
associated with om&iutnﬁngmdéN@E’mhdséefB‘P@lP‘éﬁfﬁ?gz & s;  and 17 FEB 2006

1

10 10. The method as claimed in Claim 9, wherein said modulating step comprises

the step of phase modulating,.

11. The method as claimed in Claim 9, wherein said modulating step comprises
the step of frequency shift keying modulating.

15
12. The method as claimed in Claim 9, and further comprising the step of
interleaving said modulated N symbols.
13. The method as claimed in Claim 12, and further comprising the step of
20 differential phase encoding said interleaved modulated N symbols.

14. The method as claimed in Claim 12, and further comprising the step of
coherent phase encoding said interleaved modulated N symbols.

25 15. The wireless communication system as claimed in Claim 1, further comprising
a decoder for decoding an output phasor stream of a coded baseband
signal to detive an estimate of a codeword, said output phasor stream. having
-a plurality of symbols encoded therein and corresponding to said codeword,
 each of said plurality of symbols being associated with one or more of 2
30 plurality of bits; '
and



PCT/ S&01/ 00165 26 a demapper for demapping said estimate of sai d]?qrgge\mlgd
to derive said plurality of bits from decoded synbols. 16. The% k%[%éms
conmmuni cati.on systemas clained in Caim15, wherein said 5 decodér

" conpri'ses a Viterbi decoder for decoding over a ring.

26

a demapper for demapping said estimate of said codeword to denive
said plurality of bits from decoded symbols.

16. The wireless communication system as claimed in Claim 15, wherein said

5 decoder comprises a Viterbi decoder for decoding over a ring.




